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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN light-emitting 

element, having low contact resistivity of an n-type electrode 

and low threshold voltage or threshold current. 

SOLUTION: A GaN light-emitting element comprises an n-type 

GaN substrate 3002, a plurality of GaN compound semiconductor 

layers 3003-3010 formed on the substrate 3002, and an n-type 

electrode 3001 and a p-type electrode 301 1 formed on the 

substrate 3002, the n-type electrode 3001 is formed on the 

nitrogen termination surface of the substrate 3002, the n-type 
impurity concentration in the substrate 3002 varies in the 
thickness direction of the substrate 3002, the substrate 3002 is 
composed of a first portion 3002a, which forms the nitrogen 
termination surface and has a first mean n-type impurity 
concentration and a second portion 3002b, which has a second 
mean n-type impurity concentration which is lower than that of 
the first mean n-type impurity concentration, the first mean n- 
type impurity concentration is 3 x 101 18 cm-3 or more and the 
second mean n-type impurity concentration is 3 x 1018 cm-3 or 
less. 
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7A (TMI) ^lOjimo 1/mi n, TMC^l 5 
(imol/minlAU I n 0 .« Ga u NiD&S 

4 n mm<Dmmm*i$m2#5 0 tmi<d&& 

W£5 0 po 1 /m i nlCtgjfjnU I nu G a... N 

3», mmco^mx^m^ nwmtnwmt<r>^ ; 
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ftp (MQW) 4>«ftfll 0 6^fi!cfi$-a-3o MQW© 
l8.mm7tZt, TMIfeJ:tfTMG©«|&*ff±t 
T, Htf 1 0 5 0^Cf:T*l«gU *+';7#**JStfN 
• A>&HiiCfCAT, TMG550/imol/min, T 
MAi30(imol/min, PS K-£>^ftT*& 
5£Xi/*D^:y*^xx;l/v?*i/7A (CpjM 
g) ilOnmol/mi nMU 20nmJPOpSA 
U.2 Ga... N^t'J77D7 i'S 1 0 7£:J$:5£-£ 

10 So +-V'J77n-y^Jl©J5Kfi*^7t5i:, TMAO 
ftt&*fM:U TMG©MKlOO(imol/mi 
nlC^SLT. 0. 1 iim<D&<£<DpMG a NftAV K 
JIl 0 8£j&S£#3 0 -?-£Om, TMGOft*g*5 0/i 
mo 1 /m i nlCfiSU TMA*4 0|imo 1/mi 
nafAU 0. 4 p mJpOpSA 1 c. Ga... Nfyy 
KUl 0 9 ^rJ55c«$--Br. TMGOftM^l 0 0 

/tmol/mlnCifSLT, TMA©(f«&*#iLU 
0. 1 /im/pOp^G aN3>££hjfl 1 OcDjjEfi* 
ffV\ f^*?*iS©J5fcR«S7 , rS. JSfitf»7f 5 

20 fc % TMG*«fetfC P tMg<0«|&*fl[±LTBiaU 

co 0 4 2] ?<D'<k, vv-t^vi-ymmzm^x, 

p-CaNay^r^Hi 1 0^5 |t mliOX h 

U p - A 1 0.1 G a 0.9 Nfttf-T KB 1 0 9 ST* 
x.v*>91tfft\ 3t»»B*}BiS-r« 0 )^T\ p- 
G a NSP^t P d £ 1 5 0 A, A u £ 1 0 0 0 AJB^SMI 
SL-T, pi!«Si 1 ufcJBjSTS. 
2 0 0 rgJSlC«-&> G a Ng«CDNSSSffiffi 1 0 2 A 

ic, t i *m$ 150 a, ai^iooo kmmm 

30 L, niU«®l 0 1 «ft»c % XTSA^l 

CO 0 4 3] J^±<D7D-t^lc c kt)f#e ) nfc^«i*b- 
If-fCti^T, G a NS«cD^3£Mfi7a77'014± 
01 (b) K^-f £*it>T*$>5 0 n^T'fe-SGaNSffi 
1 0 2<DJP*7^(RjfC*i^T, nSW (Si) (DMA 
{i(J{?-^T*£t). 3. 8X10" cm" T'&£> 0 *H 

ffi.WM®&ti t 'l . 2 k A/c m 2 T*^5o ^U-ift^ 
40 LT, «tfi£«<0*ftT»l OOO^O^KS^H 

CO 0 4 4] tt^Jl 

^+'>+;I/J5)cfi$-iJ- > G a ^ffiffitc n MWM%&$. U> 

u— *f*mrco 02 (a) icffaa^nfcGaNjgft^ft 

IfOKaiH, 0 2 (b) KGaNSfiOiS 

is—*rimT<D7a-kxK.ft?xm®-£fttc. 

C004 5] M0CVDatC«t57>K-7GaNJii: 
iO S i O.KOJBjC fectlfH-VPEfttctS^Stt, 
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MMMl tmffilCLXftOo X^T\ GaN££®Nft 

tmm<D^mX\ GaN»ffi2 0 2±K, nlGaNl 
2 0 3. nlAl..i Gao.9 N^7^FS2 0 4 > nl 
G a Nft#V Fl 2 0 5 „ ^Wf^-P^WtM 2 0 
6, pSA 1.2 Ga... N^+U7^P-y^S2 0 7, 
pSGaNM-l'Hl2 0 8, plAlu Ga.i Ni' 
7 0 pSGaN3^^M2 1 0, tJi 

tfpS!«i2 1 lZBmU Ga^«®2 0 2 

Atnltl2 0 1 ^flMTSo 

co o 4 6] ft&nfc^tt, ^ST-b— mmicmz 

^SSffll 1 ^ISIfiHcLTG a Ngffifcfttau N&S 
ItGa^SffilC, go. 5mm©Ti (15 0A)/ 
Al (1 00 OA) 112 0 1*1. 0mm©HPgT^ 

mw&zm^rco ®3H. GaNS£<oNnwii$fctt 

G a 8SItH?nft n ISffiOA^-y^ 3 
OltenlWgi, 3 0 2liGaNlfi^t„ B4& 
G a Ngfi©N&SMcMSSnfcnS*S©«ifc-* 
fflfft*^U H5H\ GaNSKOGa^IlClf 

^■To -75\ 0 5 fC^-T <fc 5tGa i&|iffiffi±© n Stt® 

[0 0 4 7] G a&«ffi£#£-r5G a<D*f>>?yy9 
ffif3WC\ T i/A I^fO«i*JgjSbfe«^, B 

5 -y ^iftts^-r n urns *©js-r * e t # t*# s„ 

[0 0 4 8] G aWm±X*<DG a N£ffc£&¥ 

aw**oxfcr**«>+;i/jSfitt, 1 ooo°ciX±©«S 

StU *<0IS«, &#*GaN2Mt£&¥3S{*jI£J&ig 
[0 0 4 9] H»J2 

MVhSS i H,©^a^l 0nmo!/min 
~ 1 0 0 0 n mo 1 /m i n <D^MXM^<DB.il U H 

- v p e ate <t o ^mmAomtt z> g a n jpn^n 

^niSfi**^. £G a NIP$£©$gck S i U.<Om 

^tc a 'mtxtzG a Njsn^ssi: vx&mLxnmm 

b—»f ©£&©&/!&, GaNSSiDGallfflJiT'X 
£***>-WHSft£-&;fc. nS«H«> GaNS^ON 
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[00 5 0] m\Z. GaNJWI*iaE«*-&5|S(0, S 
gfrfo B7«\ G a NS«(fi©^*ifi!Bli8Si:s KG a 

n m&zmm l xim t u-* ©hame t ©h&£ 

^■To 0 8 HU G a KG a N 

*Z5f„ 09W\ GaNSSfOTPiS^ EG a 

[0 0 5 1] @6t^^n^«kd^ SiH.^gii: 
10 G a NS«f ©^iffiWtgtt, fcfc0!ll§&»c& *), S i H 
« $f£Stf lOOOnmol/min ©ft©TO6%ilft 
(is 1. 6x10" cm"t'fe5 0 H7lC3%£tlSJ:5 

LXZX^Z>mz$>£Z>i)\ *ti&Lt\cnimEt nm 

mm^ y z ? h us s/ 3 v h waws* l 

T»ftUfcffiSWffiTU *©«*, Hffi«E*M5<4o 

20 MfMUWK 1X10" cm" «±T*!Jtf 5 Vgg©fit 

[0 0 5 2] EffiK 08 fi, G a N££©:TOfiftB& 
^fiixio" cm" 3 &L±ld3:5£^ b-+f©#$IH 
ffi«^S^^tClgiPL^46, 5xio !l cm" 3 W± 
?Btf2 k A/cm'gfi©ffifclRJllLTVV5 0 C©il 

Hefc^StlSiSfc* G a NS&ifHDTOGfta 
fitf&l x 1 0" cm" 3 ^iSAS^/cOfr^ fi&ffi© 

30 tcj^ft t fc u— tfsi jgfc %>&m<Dzm<Daa&mija 
ztiffmmnffim&tDmMc'Dii&vxitx^zt 

[0 0 5 3] *fc, b— mftmcmLTzG a NS^K 
ON»i8ffiflUCn«ff*JBjSU Trans Mission Line M 

odei (tlm) atCcfcD, wmm&iz#rzitw&t 

J3&X&Z0 T 1 ( 1 5 0 A) /A 1 (10 0 

40 OA) , -9--rX30 0/im, KPSl 0-1 00;tm©« 

[0 0 5 4 ] 0 1 0 It, G a NS«*©^t)SatS 

ftuafiiafc©n«*is-r. ^tHtuwix 10" cm 
" 3 ttmz.&tmMttnmux 1 o 5 n • cm'm 

[0 0 5 5] W±OIS*^6» G a N««©^ij56^rig 
1 x 1 0" c m' 3 Wlixio" c m" 3 WTA^MS 
L<, 1 x 1 0" c m" 3 fiLh 1 x 1 0" c m" 3 J-XT*U 
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C0 0 5 6] 

«TK*T <fc a G a Ng&O^-v U 7itfi£jf£;S- 

iRitafl:**s b— ?m?zmmLrc 0 01 i (a) 

0, 01 1 (b) G a N^QJP&ftfiOTOHMB 
g7u77-f;l/£jjVfo LCTffflSnSGaNlfil 
0 0 2IJ, S iftF-7GaNSl 002a (SiW 
WB& : 8 . 0 x l 0 " c m' 3 ) S i jltf F— 7G 
a NS 1 0 0 2 b (S i TMWUE : 3. 8xio"c 
m" ) £*>P,£3 0 n£!«S 1 0 0 Hi, S1£ 1 0 0 2 
ON«Il 0 0 2 At}gfig$nTI/^„ nSUlO 
0 1 JCgM-r 3 N£ttiii«$j£r 3 G a NS 1 0 0 2 a 
(i, U— »f«JiK:»j»-r« GaNSl002b«k0tS 

[00 5 7] MOCVDi££J:37yF-7G aNM£ 
S i OiMoj&Stt, Hftfflli fcRaWcfr?. 

[o o 5 8] s-r\ x h7-r7 B ttcD^fiSp$iM^-r3 

7> F-7G a NTWfcjSSLfc^r^Stti*, 

£\ ^tl^tx5 L/m i n^L^P), S£0£tt£ 1 
0 5 0rST-#g1-3 o ^<D^ ItitGa C 1 £ 1 
OOcc/mi niAUGa N(SJt<Dj£fi£P,fl#rt 
3o G a C 1 tt&8 5 OTCJCfiytStlfeG a£JgfcHC 30 

xmnxmwLx&^fmsy-^y^-fy^m^x 

^f9di:A^t3o S i £F-t?>yL&tfe>/£S 
£Fjfl&U ^/v^V (S i H.) 5 0 On 

mol/mlnftf&L^ S i ft K-7*G a 1 0 0 
2 a ( S i ^FtffHMIg : 8 . 0 x 1 0 "■ c m" 3 ) * 5 /i 
m$ft£H2\ ^£>&, S i H. <Djffi*£ 2 0 0 n m o 1 
/minCl^T, S iiISF-7G aNSl 00 2 b 
(S i TOfflMRg : 3. 8 x l o" c m" ) £$g£ 40 
■8\ It 3 BjRB©J«ftT? 3 5 0 ft mOG a N/S^£f#S 0 
£«<fc5&&ftT'ftgL7cG a NeDgg® (xkf**^ 
■Wl/ffi) (±G aUffiffiT-^ofCo S iCDF-fc^ytcW 
LT«, S i H.KH6-f» t/^nn^y (s i H, 
Cl) % ->'^np->7> (S i H* C 1 2 ) % bVtuu 

->5> cs i hc i.) mmzmLxi* 

[0 0 5 9] a 5ff^t«t?)-9-75"r7a«, MO 
CVDffit*S7^K-7'GaNil, S i 0>1B*|»£ 
U N»«Bi3ya*$TW*LT, GaNlil 0 0 2 50 
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£f#3o Wx©«H«:i,T»5ftfcG a NJS§t£g;f££ L 
Tilffl U N&ffi® 1 0 0 2 A i: ttKtt«<D G a Hffiffi 
MOCVDffi*^Txtr#*»>ir;HS«Ji** 

niGaNI1 0 0 3, nlAl,, G a 0.9 N^77K 
S 1 0 0 4, nfG a Nft^V FS 1 0 0 5, £fi*? 
#F<05§ftS 1 0 0 6 , pSAl.. 2 Ga... N*+U7 
/D7^I1 00 7, pSGaNTt^VKSl 0 0 8, 
pSAI., Ca.., Nir^y FS 10 0 9, pf G a N 
10 n^nii 0 1 0, *J:tfp!Mffi 0 1 l^fig 
U Ca NS^ON^fflffi 1 0 0 2 A±fc ngfM 1 0 
0 1) *flsDi&#» *F*»«. 
[0 0 6 0] ff^nfcU— «ftt, f%&09Hffl«E^5 
V, Hffl|ffiffi£# 1 . 0 k A/c m' T*Sofc„ Mft 

iSfSO*ft1»Sl 1 5 0 OBtH0JWfrK»*SmLfc#, 
OSft: B A S> ft & *> o fto 

[0061] yam 2 

G a NgffiOG a&iSffiHlfcS 1 *F-7Ti*»au 
*<D G a Utti&lc n IKS *ft«! Lfc 0 -£ x G a NS 

^fig*Jgfi)cLfe 0 012 (a) K % MSn/iGa 
N^fl:^**#*U-ifO»ri5H» 012 (b) CGa 
N«ffi©$g#|pj (P#£fo) fcfettSTOMMftftT'n 
GaNSSl 10 2(i, SiiiStF- 
7*G a NS 110 2a (Si TOfift«£ : 3. 8x10 
"cm" 3 ) Sift F-7*G a NS 1 102b (Si 
: 8. Oxio" cm' 3 ) tfr5&3 0 U- 
Iflffifitt, S i ft K-7G a NS 110 2 b±fc}gfig$ 
nTVSo nltll lOltt, Siil^H-7GaN 
10 Si 1 0 2 a<OG a^ffiffil 1 0 2 A±tC}gfi)c$nT^ 

[0 0 6 2] M0CVDffilCct37>K-7GaNHi: 
S i 0ilt4)$j£a, ^SSfiajl i:H«tCfT5„ Xh7^ 
■7#<Df$.m$>%m*%tZ>Ty K-7G a NT*S^J5)c 

So N 2 *-v'J7^7i:NH3^, ^n^fnSL/mi n 
«tLft#5, S1£<DS££l 0 5 OiCST^S-rSo 
<D'ik. Sffi±tCG a Cl^lOOcc/mi nIALT 
G a NJ9i(0j£ft$l!lft-f 3. G a C 1 (± 8 5 0°C\cU 
0 if?nfcGa^Jl{CHC 1 ^%»-rcfct«t»?<fejsE* 

n3o ffc> S«3fi«*T?JWl!TESftT*«^««|F 

[0 0 6 3] S i*K-lfy^Lft*«5j**fclWAU 
t7->5y (S i H<) ^3Bfr^ 2 00 nmo 1/ 
minT'«f&LT, S i S# F— 7*G a NS 110 2a 
(S i TOfiftSfi :3. 8X10" cm"') ^3 4 5 |i 
mJ^S^-a-, ^cott, S i H, (OVUM* 5 0 0 n m o I 
/m i n ^*T, S i M K— ^ G a NJi 1 1 0 2 b 
) (Si^«»»S:8. 0X10' 8 cm" 3 ) ^3»FM 



(9) 

15 

SS-fr Gtt5jim<0J»*Kffi3) , l53 50pmOGa 

agffitiG a&«ffiT'&3 0 
[0064]« mm\C&*)V77'(7W&L. MO 
CVDat<fc37yF-yGaNI, S i 0>K£tt£ 
U N&iftffitCftSST'fffgLT, GaNljfill02 
£t#5„ &±<0<aHi:LTt#5>ftfcG a NJPH£g«£ L 
TfiWBU N»iffiB±KMOCVDffi»CJ:!3Xbr**'> 

nSGaNgll0 3, nlAI,, Ga... N^ 10 
7 7HI1 1 04, nSSGaNftjijVKJf 1 105, ^ 
M^ftpOfgftg 1 1 0 6, plAl... Ga... N* 
*'J77~n-y£gl 1 0 7, pS'Tttff' Kgl 1 0 8, 
pSA lo., Ga... N?7-yKil 10 9, plGaN 

^yztvmi i i o, fciffpumffii 1 1 

U Ga&igSl 1 0 2 A±fcn3im@l 1 0 1 £Jfr$ 

[0 0 6 5] SSftfcU— »fa\ MST*j§ilifg3ILftfr 
Ofco fERLfcGaN^0N»«ffifcGa»ij|ffifc* 

n^m i /a i onifg^Mu ^fte.<oi#te£ 20 

[0 0 6 6] -7?, S i m% V-7m<D Nffl&WlZ n n 
*I(01 (a) <D1 0 1) £jf?$Lfcig£fc, SIX 
K- 7*0 N j^igStC nlfg (01 1 (a) <D 1 0 0 
1) *J&8Lfc*£fe, a»4*-5y»«ptt*^i5 
ft, XlWfcfc«ftfcWi«ftt*jjVr. -73, nSfil 
0 1 0»«U±»fit(4 3 x l 0^ D • cm ! glT^D, 
n£!tS 10 0 1 <Di§£H, 9 x 1 0"' Q • c m 2 T*£ 30 
■Dko LfctfoT, S l&V-7m<DNW%MlCnMn 
L fc73*««UtJMi««<jN* < ft 5 fc«># $ L 

</\, 

[0 0 6 7] Sfc, M0CVDStJ:or^^ft-57 
> F-7*G a NgtOttfr D K^fflfamg. 8 x l 0 " cm 
" gfi^S i RK-7»6®#U i i»K-7g± 
^^•82 x 10" c m" ; ' OGa N«*Jgj«Lfc. 
*©SK GaN<DN^JSiB*n#&ftSST*fiffli*ffl,\ 
iSS i K-^!GaN«ON»18ffilCnl!«ff%^«L 
fc. i=<7)«k5ftya-tX^fflLTf#^ftfcU-1f-^ 40 

R3l0Hffi«Etftt5V« Stlffiftii®S# 1 . 1 
kA/ctn ! T'*^fc 0 K 

x.e>ft§ 0 

[0 0 6 8]H»J4 
H»73filK:^lfi14!K-kr>yt*afb*-&fcG a Ng& 
U— tf*ft«Lfc. 01 3 (a) , 01 4 

(a) , 01 5 (a) , 01 6 (a) , 01 7 (a) , 
018 (a) tt, ^tt€ft, *HJS0!nfffifflLfc>Fttft 
»Jt*£{fcS-frfcG a NSfi?<O»rffi0T'S t), 013 50 



2001-148533 
16 

(b) , 01 4 (b) , 01 5 (b) , 01 6 (b) , 
017 (b) , 01 8 (b) ii, &G a NgffitDflUW 

[0 0 6 9] 01 3 (a) ©#^1 3 0 2(1, G a Ng 
£ (S-CKfcl^T, ^fiKS73(Rl (P*73lRl) K, ^ 
^fiStf^l" 5) *«U #^ 1 3 0 2 AUN^SSiffi 

30 z^^mmsut. 01 3 (b) \t7r,tn^\^ 

[0 0 7 0] 01 4 (a) fccfctf (b) It^-TcfcaiC, 
G a Ngffi 1 4 0 211, *HH«^tfafciBS<-jri?fc 
%m 1 G a NJ1 1 4 0 2 a , **jSS73lfll (JP*73 IrI) 
K^RKftiiSjWBaWteM^-f 5»2 G a Ng 1 4 0 2 
b, fe*rPFtt«l*tf*fcffi< -£726*313 G a N 
IH0 2 c££-f3 0 N&SlEl 4 OZAltnMmm 

[00 7 1] 01 5 (a) fcitf (b) Ki^f «fc5fc, 
G a NSS 1 5 0 2tt, gfeiS[V>?F»fi%lSS^e,©*73 
fiItia«W»C^li*Mftt^»^-r5lB 1 G a NJf 1 5 0 
2 a, ^*HMte-£©»2GaNJIl 5 0 2 b, fcj; 

HG a Ng 1 5 0 2 c £Wf S„ nlHM (0^*B&) 
ttN»*iBl 5 0 2A£g-f.5o 
[0 0 7 2] 016 (a) fcitf (b) fcgrf «fc5fc, 
G a Ng& 1 6 0 2 tt, JR^afijWftfcSK -JTefc 
%m 1 G a Ng 1 6 0 2 a , TO^BAtfJ&rffitCtt 
'>f £31 2GaNg 1602b, & J:tPft64fe»l&2ftl 
fcfS<-£T-£§3!3GaNgl 6 0 2 c*Gt5o n 

«s (bct$b) ttNi^ifg® i 6 o 2 Ata-rs. 

[0 0 7 3] 01 7 (a) feitf (b) £j*-r«fc5fc, 
G a NS« 1 7 0 2t*5^T, 'F^SSa, «*73IrI 
£»'>■*-«. nSm® (0/^*88) (i, NHSSSl 7 0 
2 Ai:g-r* 0 

[00 7 4] 01 8 (a) fe.tr/ (b) fcpjVfcfc9K, 
G a NSffi 1 8 0 2 tfc^T, ^^ggtt, P*73(r] 
tl'>t5, nltl (0^*BS) {iN^fflSl802 

[00 7 5] 013 (b) , 01 4 (b) , 01 5 
(b) , 01 6 (b) , 01 7 (b) fciU^l 8 
(b) ICTjk-t&SZm&ftfiZZtlZtlliitZG a Ng 

^»ftfftt«U-Wf^ft, ^-txecDlttt 
«, 0 7 fc^-T J; 9 K n KftSj&£0TO8ftB£lc*£ 

?<06 0%W±^NIi?T*355N^ffi^nSffi®^ 
^■TSilttciO, fi»ftU— «mtttf»6hfc. 
[0 0 7 6] HSS0IJ5 
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[0 0 7 9] fmLitG anw&oummmtG a«m 

ffifCT i/A l©n£M««gjau WrttfcH'Cfc. * 
N«I±OnItIli, 

[0 0 8 0] 020 (a), 021 (a) , *J 

£tf02 2 (a) (CStGaNlfiifefnfhffiiL 
T, *SW*b— »f%ff«Lfc. 02 0 (b) , 02 1 
10 (b) , 02 2 (b) tt, Ztl^timLfzG aNH 

[00 8 1) 020 (a) tj?tGaNlfi2 002 
(±, ^ffifSllSfi— IGaNI 2002a, glG 
aNJf2002a<fc»H£< A^O-^CD^^Sfi^WT 
5f2GaN!200 2 b, fg2 G a NS 2 0 0 2 b <fc 
»)K< *vO-S©^«»«a*^«» 3GaNl20 
02c, ^3GaNS2 002 cJ:Df6<A^O-^£D^ 
*6*Mft£*£"f 5SS4 G aN!2002d, "fe<fctf!g4 
GaN!2002d J: 0 A < AO-£o7NMWK«fi 
20 -r*»5GaN»2 00 2 e*»&iHiasn*. SBlGa 
NS2 002 at4N^jgffi2 002A%}gfig-r5 o 

fratt0>*<MM& s (i) c^-riiDTSSo 

[00 8 2] 

m fiBffi«fftfft5V, HftWfi&ftPlft 1 kA/c* 

S5GaNl200 2e>^lGaNl2002a>l3GaNi2002c 
>Jg2GaNB2 00 2 b=gl4GaN/f 200 2 d (3D 
02 1 (a) tCg>-TGaNSffi2 1 0 2«, *$£ftS 0 SB 1 G a NJI2 1 0 2 afiNi&*ffiffi2 1 0 2 

-je<DSfJ 1 G a NH 2 1 0 2 a , ^«SWBfi-SO» 2 A 5 0 ^ft»S0*/J*§flifcl\ (S 2 ) 

GaN!2 10 2b, 3 G a NS 2 TM*)X^ 0 

1 0 2 c, TOMWfi-^OSB 4 G aN!2 1 0 2 d, 30 [0 0 8 3] 
*> J:lR*tt«fflWM£©£ 5GaNJ12102e 

S£5GaN/f2102e>|glGaNJf 2102a >H2GaNS 2002b 
=JfS4GaN/l2 00 2d>!g3GaNJl200 2 c (i£2) 
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[00 7 7] $-f, 01 9 (a) CjjVT «fc-5£GaNg 
«*<IfflLfc 0 mW. \ 9 0 2«, 01 9 (b) \z.mt& 
b^Wm.§Tfuyr-()V^m-t^ B NMH9 0 
2 A£*rr3G aNlSl 9 0 2 jp£5/im;gS© 
S i A Y-fJ§ 1 9 0 2 a (Si TOHMMt ■ 8. 0 X 
10" cm"), Si K-7*® 1 9 0 2 b (Si TOfifc 
Sfi: 4. 2X1 0" cm" 3 , S iJGK-TTil 90 2 
c (S i ^MftBA : 8. OXIO" cm"), S i K 
-7"«1 9 0 2 d (S !?Mj§t: 4. 2X 1 0" c 
m" 3 ) , feith'S i A K-7JI 1 9 0 2 e (Si Tffi^ 
l§£:8. Ox 1 o" cm" 3 ) 6*1***1*. 
[0 0 7 8] GaN«SOiIS!»C*fcoTt4, H-VP 
EStCiO, nSiltgMt^tN^Il (S iff 
K-^Sl 9 0 2 a) tGamffi-ftm (S 1 HfK— 7*M 
1 9 0 2 e) <D'>&< £t> 2ffiffifcXTOfi4«iBl#HBt* 
fc 0 G a NSffiO&Jlfcfc^T S i gtftt— ^CLfc 
^fi&01j3t|5|8!<D;fr}£-F, G a»8ifi±lCXfc:$r*S'+ 
/UfiKS%ffl/\ nSGaNJl, nSAU. G a 0.9 
7-yKB, nlGaNWKE £M#?#F<DI83fc 
S, pSAlo. 2 Ga... N*ti)77D7^1, pSft 
#V KH, pIU 1 ... G ao. 9 N^v<y Kg, pSG a 



02 2 (a) £^fGaNg&2 2 0 2«, 

IGaNI 2202a, 
IrI) K^«1MiStfitin'r«»2 G a Ng2 2 0 2 b, 
^I^Ztfi-^OSg 3GaNI 2202c, SR?!*** 



★ 2 0 2 d , * J:tPp«ft«a-3£0» 5GaNi220 
2e^i^?n5o IS 1 G a NJf 2 2 0 2 afiN$?« 
S2 2 0 2 A*»f £ 0 ^«ft«SO*/|N|B«tt, 
(5$ 3) ICKtWbT'ibZo 
[0 0 8 4] 



HlGaN/1 2202a >Sg3Ga NJf 2202c >Sg5GaNJl 2202 
e (33) 



02 0 (b) , 02 1 (b) , fej:a*02 2 (b) \Ctts 
-7°B#2/lTk, 4lW±T'SoTtSb!5;l>„ Ga 



50 



1" 5 N$|fflffi±tC n SMfcJBjaf * C i: £ «fc S »$ L 
[0 0 8 5] 
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C0 0 8 6] *t\ ntiZMltmmk. H-VPE&fc 

£<<)GaNmm<Di$.mzitti!t>zi:t3}mc. sih, ^-y 

(Ge) *Br£»|AU £ff3 5 0 (imO 
J?»om^©^^SS^*WrS nlGa N/PH£ 
fHHLfc. W*EJ:5-9-7r-f7Sfi, MOC 

VDrStCcfc57>F-7G aNR, S i OiH*R£ 

mlt, u— y*f»fc 0 ftenfcu— ifttSEiBifaa* 10 

^4Vfft6Vgfi x 1. 8kA/cm ! itT'fe^, 

[0 0 8 7] J±$0IJ3 
Hfi£0>J6 fcHSMcH-V P E j£fCj; ») G a NJPH£fi£fi 
S-frfc. GaNffROftftiK S i H, i:y;l/V~7A 

(G e) ^i$MAL> -a-ff-3 5 0 /i m©Jp#<DfiJr£ 
V^MVm&WfiZGtZ nlG a NJfW&flslJiLfc. 
JPBH&atfcfet^T, Ga«I»:S iWtfGe©^ 

a NSffi£rf§fc„ ffSnfc G a NgjgfiD G a *$4g®fc n 20 

m&vai*. mmvmimnL%:fr?rzo unit, imm 

[0 0 8 8] 

§WJ 3 £Di 9 fC^feljiftife^fbSti-fCo H - V P E 
ft K «fc t) G a N JNIC>£g£nte*-3 £ S i H 

-M^WAU *6fcJ8£BM&frS3#Hk Ge£ 
mXLtCo C?tr, S i fe«ktfGe*^tr^«»«fi 30 
©»l^HB«*»jatfc»» GeOfi8S*ffjhU S 

ffi^3B2fR«£JBj8Lfc 0 £ff3 5 0 nmMfr<Dmfe<D 
^Wm&ft1fi*m?Z nIG a N/PK^ffSLfc, 
<0&s W^fC=k*)^5n/-c:GaNS^MOCVDSS 
KIAU ^SS0!l SQUISH;:, G a ***ffi«Ucx girl- 
s' +*J*ft*fTlr\ NiSS|ffiffifCnS«8i^)gfigLT, \y 
-tf#?*ft«l,fc. G a Ng«<DSg 1 fflg£j&2fej« 
OTIHMUtOHfl(tt« SH 1 ««>«2«i«T?aBS. 

[o o 8 9] ctD^dicLrm^txrcu-^m^mm 40 
«E*±t/Hffl*atffiS(4, wfnsvsa, 1. 0 

SMELTS 1 GefcttflTetSCfctf 

^filsgtT^-5c ftttWKtt, H-VPE&fCfc^ 
T, HC 1 ^7{C#$n50a*p^L/ct), GaN$ 

So 

[0 0 9 0] H5&0J8 

GaNl«Sffi*#?»xe**«>- (M 50 
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: BE) ffifciDNfcJSfflilcg*., *©±fcng*S*Jg 

$ l/co *nsfifl»jfc j; s \s—*rm : ?<om&*m 2 4 

•To GaNS«2 4 0 2(D-^©±S2 4 0 2 A±tp 

mmmz 4 0 1 jwejesnr^s. pints 2 4 0 1 1 

a-f*±iB2 4 0 2AttGa»iBiS"efc*. GaNIS 
2 4 0 2<Dffl^O±ffi±t{i, p!GaNl2 4 03, 
pSAlo., Gao.9 Ni'77Fl2 4 0 4 > pSGaN 

kb 2 4 0 5 % &nm : ?#p<Dfmm 2 4 0 6 , 

nlAl..! Ga... N+t l J77ny^f2 4 0 7 > n 
SGaN^*VKS2 4 0 8, nlAU, Ga... 
7 nlGaN3^^H2410 > 

*±tf ns«a 2 4 1 1 jwoHcfcjaarnTvs. g a n 

&¥«WlO«±HT'&5 nlGaN3^^H24 
1 0(i, Nf|4gffi2 4 1 0A£WLT*5t>> -?-C[)±{c n 
S«8I2 4 1 l««nt^5. fi(T, CWSttU 

[0091] $-r % ns(s0iji a??Lfc (00 

0 1) m*£?Z>yyT-{T&ffi.±lZ, MOCVDat 
ct t> 3 /im£DJP*(07>K-7G a N«t*tf«S-e\ ? 

7> h v-T7tt©fi)tfi«MT'gi5^tcS^n/c7> K— 
7GaNT«&M*# , rS-9-75"l'7Sfi^ H-VPE 

ft5L/mi nfttL&fc^ SStOiSS^ 1 0 5 0t 
$T'^S*-a-So ffi£±KG a C 1 * 1 0 0 c 

c/minlAUGa NJPH<Dj£g£|»&f 3 0 G a 
C 1 « 8 5 0X\mft2tircG a^ICHC 1 #7£ift 

Mg^9 0nmo 1/mi nfii&L^ MgK-7Ga 
NS (Mg^^ljga : 9. 5 x 1 o" c m" 3 ) *fiKfi 
ff-3^P4<OfiKST'3 5 0 /jm©G a NJPJl%f# 

5 0 C(D«t9^fi^T*0< ofcG aN<D«gS(iG 
a$|fflSt?d55 0 

[0 0 9 2]j&5gL mmc£0y77'(7mfc MO 
CVDj£t<fcS7>F-7GaNJg > S i Oi«%|»S 
U N^jfgffiA'iHS*-eBfgLT, GaNSffi^ff^. 

T^^?*ii*figS^-a-5. $-f. Sffi£MOCVD 
(KBrttJiAL, N» t N H 3 ^n^n 5 L /mi n% 
l%*<6, i o 5 or$T-#ig-f 3o jgg*<±^n(f++ 

yTfiZZNifrZHtiaXx-T, TMG^100/imo 
>/min> CpiMg^lOnmol/miniAL 
T, p§k J GaNJl£4/*m#g2-e;5o TMG 
COj5itM^5 0 nmo 1 /m i nKHfiU TMA£4 0 
(imol/miniALT, plAl.. ,Ga« 
'i'HMO. 5 /imOP^Tl&fi^-eSo Ale, Ga 
0.9 N<D$gtf$l7f TMAfl)fl86*ff±U T 
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MG£l OO/zmo 1/m i n£MSLT, piGaN 
fttf-i' KB* 0 . 1 pm©JP£fc&«J;9lCjftJU?-& 
3 0 ^©&, TMG, CpiMgO#tt&%ff±bT» * 
-ry7#*£H J fr&N2lcStffU.T, 7 0 0*C$ T*P$ 

au ^^^Agst'Ss h u^f ;Hyy<)A (t 

MI) 410/imol /m in, TMG£l5/imol 
/minSIAL, I n ». « G a ».» N «fc ?) 4 n mjp 

©hm*js*s£* 0 TMio^a^so 

ft mo 1 /m i nlCtiitaU Inez Ca... N 

2 nmJP©#pjl£j£g;£Ht-;5 0 ^F/ltt^ffS/I, II 10 

«©#£•*?#*£■&, #FJIk#FJIk©F&foJ;t>*WtJ 

fc^tt 4 ji©»aB*^ar*j: a &^fi«7#F cm 

QW) ©f§ft/I£j£fi2-e3o MQWOjSft^»7^5 . 
fc, TMIfeJ:tfTMG©«t&*fM:l/E\ S tf 1 0 5 
Ot$T'#SL, *+U:TjffX*fftfN ! fre>HzfcttA 
TMG£5 0 |imo 1 /m i n ( TMA£r30/im 

0 1/m in, nSK-tf>^Jl^T'fe5S i H,£3 
nmo 1 /m i njjftU 2 0nmSOnlAl..! Ga 
... N*+U77o>y*jl£j&S£-e3o 
y^S©figfi*^7-r-5i:, TMAOttl&*ff±U T. 20 
MG©&i£S£l 0 0 /i mo 1/mi nKHSLT, 

0. 1 ftm©S£©nSGaNft#^KJi*j8SS-fr 
S„ ^©ft, TMG©&&£5 0/imo 1 /m i nfcif 
SU TMA*4 0/imol/mi niAU 0. 4 
ralOnSAh, Ga... Nt^-y KJi*J«fi*4 % « 
TMG©0Uft*l OO/imo 1/mi ntcDfgL 
T, TMA©{ft*££f#itU 0. 1 fimJP©n§/G aN 

*»7t«. rt«**7r*i:, TMG*i<fctfS i H. 

o(tti&*ff±urif«au Sia-ess*MocvD»ii 30 

[0 0 9 3] G a N»R*MB ESBlcWAU 

(RF) ®SN 2 y5Xv©tB^^r3 5 0W, ffiM*3 
c c /m intU < 1 1-20 >^0RH E E D-^ 
*-y#*h>J-*ttK&£«fc51C, Ga-tr;l/gg(9 

1 ovmm % Pith's i -tn^afti&WB-rSo 

T, N/Gatt£*f<U NUv^*ftTG aN©# 

mzm\ mmmzmtz s i k-^g a na*a£ 

?-&S 0 RHE EDgH?lC<fc») N 3 0 0 "CfcUtT* 1 x 1 40 
/ 2 0 0°CT*6 x 6/<*->fc:${b*fttf, JjEfiSli 

W*LfcGaNS«OT%iii**6£WJSLTs Gag 

[0 0 9 4] iI© e fc3fCLTf#5.n/'cl^— 
4. 8V©»fiHBf«E**!Lfc. fr<LT, 

*«WK«fc»)GaNH©N»«iii±lCnS!flffi* 50 
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7© 6 0%^tfNK^T&«N||«ffiKn£Mt!MB 

[0 0 9 5] Kt><0lC. H-VPE?£, MOCVDS, 
fc^tiMBESKJ:'), SlfOKL ^-y7r«©7 

5o C©i§£&, ±i£fcl^CN&«®±lCjgj£Lfcn 

[0 0 9 6] 0 2 5 «, *5SHt«!ffl-rS««*©»S 

<om L^^mm&it. % 1 m®ft dxio" cm 

' 3 «±1X10 ! ' cm" 3 &TF) T'&Z B C1©^HT\ {ft 
(lxio" cm'ttllxio" cm' «T) 

r-feSo »iaw*j:»)t)SB2««©^*<»su^as 

a 1 x l o 2 ' cm" 3 WTTttfrCHfflWSMifttffiaL 

•c^s*.©©, »2fli«©^««ijts-rat) , 6 ixio 

■ c m" 3 «TT?*ntf « SCHfinHJMAaiHBK fc-^T 
<^«. 02 5t^1-miBl^^^I Iffitttt* SglSfilS 

143 x l o" c m" 3 tt± 1 x l 0 2 ' c m' 3 m I I 
SiStt 1 x 1 o" c m" 3 JW±3 X 1 0" c m: 3 «T©^ 

Stt» ^^ttftaw^a I WMk:««JB l ©gp^^¥ 
WttKMtJWBl imUcft«JB2©S#&fr&&:« 
«:4:*q?*U\ *i©»»H:N»*8ffi*jgi«-r5ci: 
*WSL<, niffiB, ^l©gP^©N^«®±lC^ 
|ji*ft*C fc3W*U\ Sfc, m2©^±lC^S«: 
^7fc k *tf ^7t^7©fci6©x \£9^i/^iUm^t!BA 

a*am i ©gs^k^ 2 ©g&#£ t^*a*45«ttfft 
[o o 9 7] 0 1 o K^t^nmmm t t © 

M^*#M-r«k, 7>G1MSft^l x 1 0" cm" ©k 
t»«UtfflK*« 1 x l 0 s Q • c m 2 k%0, $c>fC^ 

mm&.&3x i o" cm" 3 fiLhtttakSftutjasi^ 

$tJ5x 1 0"' ~1 X 1 o"* Q • cm J $T'fg<*oT^ 

m&mtzt, wmx&wi xio" cm" 3 y±v 
immmzic%<tt>mc>tiT, ^mwm&aiu xio" 

cm" 3 -ct3xi 0" cm" 3 T*t^iESE(i(Jk A>H(pI 
UT'Sofco Oft), 01 OT-Jte>tlfd£Ml±gfii©{ft 
H7©BBffl«fftttKlft*n4*ofci:#j{. 

SB) ©P^lc *M4i«»*JBj« LfftSMttfiSt^tfS k 
tb\C. ^iMi»ajt*3x 1 0" cm" W±fcf SCfctf 
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#*u* (0io). mit<fa*m#m&£#ias 
^T&m&<D^ma (3xio" cm" 1 &±) zmut 

mtl%<rj;Ztmz.t>tlZ> a 3xio" cm 

mts x i o" c m 3 zv&mmmmmmm ua/ 

cm ! f$5^ ^^Jitfitf 1 X 1 0' s cm" 1 «±fc 

&3£IIfl#«}mtftt*L&&3C£#fcfr.5 (09© 10 

WftilS £ ^ffiffl* £ ©K&fco^T t> P 

3). C<D£5K^|3&!|%iifi£ig< LTl/Hta*g«ltfi 

[0 0 9 8] *^#e»fi, c©^yv£, gftti¥ 

%?zm i ©at, z<D±icm?Mmmtiii.T'<z%2 
<Dmtfrp>mf$.L, mz <Dm<o^T^mA^m \ © 
mv>w-^mam&&K>{&<-rz> 0 S6t y mi©s© 20 

¥^«ft«fttt 3x10" cm'Wtni: £#T- 

%mim^t>\ ms<D^mf}^mmnt, 3x10" 

c m" 3 ~ 1 X l 0" cm" 3 L< , 3 x l o" cm 

3 ~ 1 X 1 0 ' a cm" 3 *) jf $ U\, »2 ©S©¥i3 
^Ffce&iSgtt 3 x i o'" cm" 3 fcTFff scfctf-pt 
So 3t2©JI©¥i^i^SS©fBB£O^Tfcl${CfiiiJ 
tttt*^#» 07fc±t/08©*£||fr5«ilP]-f.5£, l 
x 1 0" cm" 3 ~3X l o" cm" 3 *«»SU\ 

t% ^w^iiaa, fesgfc^to^n^^aa 30 

©&»^©;iPT*fJofc<ii:LT;£«2tt3„ !fSL 

[0 0 9 9] ±te^ 1 ©JI©Jp£{i, 0. 0 5(imilh 
5 0/imtrF£-f£;:£tfT*t, #SL<ttO. 0 5 ft 
mJ-X±l 0/jmWTT'fe5 o Hl©jl©/f£tf, 0. 0 
5 n m«t 5 t»aHr^^Fttlfil*igapLfcC 

^1 <Dm<D&2tf5 0 fimiO t>JP<&;5£, ^ 
«fttfBfoSftfc*fcJ:5*fl5a*tf*t<)a:»> (09 40 
W , c©£ <fc LTIS 

«W**Sfi©ii**{BLffS (08#H8) . 8Si©jf© 
mZZ 5 0 /i mttT#£ L < « 1 0 ii mlXTlCt 5 C 
fC<fcoT, HflNliM?ft4)tl&, 08T*^£ft3<iiJ;t> 

[0 10 0] *%WlCtS\,^T, nS^ttftttt, S 1 , 
O.C1.S, Se t SfcfJT e^SKifflft 



2 0 0 1 - 1 48533 
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fcfcl^T 3 x 1 0 " c m" W± 1 X 1 0" c m" «T, 
»SL<(43X 1 o" cm" 3 fiLh 1 X 1 o' 9 cm" 3 « 
T> 352©®£:J3^T 1 x 1 o" cm"Oi3xio" 
cm" 3 £TFt-f3Ci:#T-£S 0 «T, HfiSWKJ:?)* 

[0 10 1] HS£fiRj9 

0 2 6C^f«fc5^ *5tMM£*SS{bHtfHIW*:5Ste 
St? (b-1f^*-K*?) H\ nS*S3 00 1, 
SftftMPSWWHS (^RtfGaNSS) 30 0 2, nf 
GaNl3003, nfAl,, Ga.., N*5yK*3 
0 0 4, nSCaN»VKl3 0 0 5, £M7#F 
<D^I3 0 0 6, plAlu Gaoi N^+V77d 
'^13 00 7, pSGaN^^KSSOOS, 
Alo., Ga.., N^77KI3 0 0 9, pSGaN^J^ 
**h«3 0 1 0, 33J:tfpS«®3 0 l lfrt>Mj$,2 
ft3„ £&3 0 0 2fi % ^K-^G aNji3 0 0 2 a 

(*©WF*6&«ftfBB«0 2 5 ic^-rsg i mmch 

5) fcitfffiF— aN!3002b (?4>¥#FM 

%£AIGBIH:|92 5£5Vr$I I^«fCfe5) 

S. nSf«S3 0 0 Hi, Sffi3 0 0 2©N^ffiffi3 0 

[0102] *$mm<o&m*. mm^mwws.^ o 

0 2*»JtLTV>5iSK-^G aNl3 002 atfiK 
-^"G a NS 3 0 0 2 b (0^^mWK&t\ Ztl^n 

nSlS^K-^GaN!3 0 0 2 aCDN**ffiffi3 0 
0 2 AfC&LTl^C t, feitfSBfcJR^fllJSflHaK- 
7G a NS3 0 0 2 b ICjgLTt/^ C i:T*fe-5 0 
[0 10 3] 3 x i o" cm" 3 CU:0¥J$TO!MME$ 
^f-SS K-y G a NS 3 0 0 2 a a, IB4j« 

3 0 0 2 a i:nltl3 0 0 1 fcOHO»tttfcfiSitt/J-» 
£ < -77, 3 x l o " c rn" JKTO¥^FW»ai 
a^W1-^<g K-^G aN§3 0 0 2 b±.\Zftm&M 

[0 10 4] *HMWfc«fc«U--»f#?B\ H»Jl~ 
8<DHffl (ffilAtf, l§ffi«JE5V, Hffi«%tgfil. 2 
kA/cm ! ) «fc5t«5lCffi^BBtt«aKBjfiE (0. 8 
kA/cm 2 ) t>ckaVgt>Hfg«E (4. 4 V) fcfcfc 

[0 10 5] HSI60IJ1 0 

g*w-rs4ooM^sm?nT^sctw^fiii 
Mm9tmm-e&& 0 02 7«. she^^a^v^is 

©^«*MB*»**^LTt^. cn&4 0fl!)fiHa*n 
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mtsaxfDim&s. nsn mmm) it. Am 
[0106] c<Dg.m<t-eflia¥m#mmmwc5mm 

[0 10 7] HSS0!|1 1 

*£0MHttx ^«flW[3yj|[»*iRitz:i3^Tiltt«tca 
2 8tc^?nsa^^$E^ii§a«7)7'a7 7'-i';l/a2 

mwmzf&mt&m&frzimc* Am®, bs^r? 
Ammcmtz&oKLnmwmim&ztiZo ni 

MSfcttl-* A««OiBtt, N$?SlT'fe5. ASUS© 

WO^F^ttWMttt, 02 5lojrfSftI 
3° 20 
[0 10 8] C0giltfb^¥£ft^*«V^cfg)fcig 
?tt, 9 i: R«od%«« fc 5 L/co 

[0109] mmmi 2 

**«0!tt» 02 9fojVfJ: 

*»<s-r«Biffli*»5» Am®, Bm®, cm®, urn® 

bJzXfEWttXX. ASS*©N«8Ift:8-fs«fc3te: 30 

ngm (0/TxtBS) «wj«sn*. Am®, Bm®& 

±tf DWgEOT*HHKCtt, 025 t^-ra I fflKicK 
^■T5o CWM«J:CFE1HK<D7*HMUa t 02 5 K 

[0 110] A1HW£ Bf|i|?CDIiiP(D^ift](±5 0(itnT' 

ztc Am®^^zfBm®<o¥^m^sm&it, 

02 5 IC^-r^ I WKlCtt^S. *K LT, AM^i: B 
8«ltfiSi*fflc«^5JB|j|l*t, 
£6*. -73> CSBig (iff3 0/j m> *M»»t2x 
1 0" cm' 3 ) , Dm® (If2 0/im, ^M^»fi5 40 
X 1 0" cm" 3 ) tJAtf Effl« (!J?6 0)im, 

isixio" cm" 3 ) *^t>«fcaj»©^^ififtai 

2X10" cm" 3 fcHatSCfctfTftS. ClDltt, 
H2 5lCaVrjBI iMMtcM-TSo fr< LT, cm®, 

[0 111] corafl^^fMMft/B^feKXX 
CO 1 1 2] ±)SLfcJ:3t, afb«i|m#S«©, n 50 
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iwcsrssioswi:, #?*ififc»f5»2© 

iV\ Sfc, mi ©ffl«0¥^«a««^3 xio" 
cm" &±T*£ft{£, ^ 1 <Dm®(D^Z' 3 x 1 o" cm 

" 3 £Qm^m<tow&z%-rz®fttfmELTt>&\,\ 
£ e. t , m 2 oiswoY^TMiAas^ 3x10" c m 

" 3 WTT*ntf, »2©««0*T?3x 1 0" cm" 3 <t 

#02 5 fc^-rse i fi«icH-rsi6«a, 
tta*tfH2 5fcavrasi 1 imticii-rsiHKa. ■« 

«EfeJ:tfH««aEffi**J»jR«KHBajE--r* c twos 

So 

co 1 1 3] ujionam 1 ~mmm 1 2t«t??, 

CO 1 1 4] 

¥*tt*7, #1CG a N*fb^ft*»(*a)tt*?**H 
[0ffi©ffl#&tftf8] 

[01] (a) *«ktf (b) fi, HfiSflJ lfcfcVTft 

[02] (a) **tf (b) H\ JtlMHIllC^Tff 

[03] GaN»SON«i$ft(iGa«IK:I 

[04] GaNS«©N^Mc^$tlfcnStt8i 

[0 5] G a NlffiOG aS?»Clfjn/£riIf 
®©*?3it-ttE#14**-r 0T'fe 5. 
[06] G a N JWRfcjSSS-frSIR© S i H, 

■T0T'fe§o 

[07] G a Nm&tp<D^tmm&£, a Ngffi 
[08] G a NSfi^O^WWftti:, iGaNM 

[09] GaN«fi*©*tt1«fcSefc % RGaNS« 
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(Dmmmz t ©H«*^-r bit?* s» 
[@io] g a n wm><o^m&m& t, nmwm® 

caii] (a) Mt; (b) a, *at«i3ic*^T 

[012] (a) fcitf (b) tt, Jt«W2fc*S^T 

[01 3] (a) fc«fctf (b) tt % 3ttS«4T?fiEfflt 10 
fcG aNS«<D«&»rffi0, t>«fctf^a«fti<D^iM^ii 

a7*a7r-i';i/^-r0Tfe5o 

[014] HJfiffl|4T?ffifflUfct9— 0<DG aNl£ 

;^&5Vf0-e&5o 

[015] mmm a vma Ltz^&<D g a nss<dmbs 

-f0T*&5o 

[016] 4 T'&fll Lfcffll© G a NStiEaWB 

$rffi0, 43ctth*^Sffi^0^1%JlS7 p D7 7'l';l/^ 20 
-f0T*&5. 

[017] ^SfiflJ 4 -e&ffl L fcffii© G a N S&OfiM 
f 0T-fc5„ 

[018] &fifeffl 4 T'&ffl LfcffctD G a NS«CD«EH& 

wases* ts£zfmm&*<D^i®vam&7u77'(jizm 

T0T*£5 O 

[019] ^Jg^l 5 T*m Life G a NS£© WMfiB 

0, &±vm&m<D^mamg.7u77'()\'*7rstm 

[0 2 0] H««5T«fflbfct,3— OOG aNii 
©aWKffiH, fe t kt>*^Stg^£D^t/jga^ , n7 7-Y 

[021] 5 T*®/B L/cffl© G a N8^©jSBS 

mm®. ts£zfmmm*(o^myt>mm-fa y 7 -01/** 
[022] mmm 5 limm g a ns^cdhbs 

8r®0, fc<fctf&g«4W*f8^^7*P 77^71^ 
■T0T'$5 O 
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N©G a^ffii:N^4Sffi£OM^^-r^0T'«5 o 
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famS»iS0T'$5o 

[027] mmm i o T&Esnfcgiift:^*!?**: 
[02 8] ^*09i i-effiffl^nfea*ft^i**iiw* so 
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[029] ussm 1 2 x-mm s tutsmit&wtw* 

101 nmmm, 102 GaNIC 102A n 

103 nSGaNg, 104 nlAk, 
Ga... N^-vKg, 105 nlGaNfAVK 

a 106 %mm?#p<Dmtm, 107 p ua 1 

0.2 Ga... N+tUT^n?^!, 108 pSGaN 
fttf-YKg, 109 pSAl,, Gau N^77h* 
g, 110 pSGaNny^^hf, 111 p ^ 
tt, 20 1 n§«8B, 2 0 2 GaNSfi, 20 2 A 
Ga&Jgft 2 0 3 nSGaNI, 2 0 4 n|A 
1... Ga.., N^v-yKg, 2 0 5 nlGaNW 
Kg, 2 06 ^Ii?#FOM, 2 0 7 p^A 
1 o.i Gaoi N++ U77ny 7g, 20 8 piGa 
Nfttf-fK*. 20 9 pSAlw Ga... N^77K 
g, 2 1 0 p!GaN3^^H, 211 pSW 
81, 30 1 n$htS« 30 2 GaNgfo 100 1 
filttfe 1 00 2 GaNll, 1 0 02 A N$* 
fflffis 1 0 0 2 a S i A K— 7*G a Ng, 1 00 2b 
SiK-7°GaNS s 1 0 0 3 nlCaNI, 10 
04 nlAI.., Ga... N^7-;KI, 1 005 n 
SGa Nft*V Kg, 1 0 0 6 ^IgfftpOM 
g, 1 0 0 7 plAl..i Ga... N^t 'J77n7^ 
g, 1 0 08 pIJGaNfttf-i'Kg, 1 00 9 pS 
A 1 o.i Ga... N77>yKg, 1010 pfGaNn 

yzthm, 1011 p^asi, 1101 n st 

1102 G a Ng$, 1 1 0 2 A NKtffc 1 
102a Si K-^GaNf, 1102b SiJSH 
-7°GaNg, 1103 nSGaNf, 1104 n 
SAK, G a 0.9 N^77KE 1105 nfGaN 
ft#V Kg, 110 6 £S»?#F©5gttg, 1 1 0 

7 pSAlw Ga.., N*-vU77"D-y7g, 110 

8 P fiCaN*if-rKJI, 1109 plAl., G 
a... N^yKg, 1110 pSGaNn>^7h 
g, 1111 pSMH, 1 3 0 2 JP^fnJKTfctt 
M&ffWPtZ G a NSffi, 1 3 0 2 A N&ffiffi, 1 
4 0 2 G a NS&, 1 4 0 2 A Ni&SSgSi, 14 0 2 
a ^«W«e— SOG a Ng, 1 4 0 2 b i¥#£|pj 
fcWft»tfKffifcH"*G a Ng, 1 4 0 2 c TOgft 
ffil-fc<DG a Ng, 1 50 2 G a NS& % 1502 
A N**» 1 5 0 2 a JP&#ftfcTOftfea&#g 
'>f § G a Ng, 1 5 0 2b ^«ft»*-S<D G a N 
g, 1 5 0 2 c /P#7jfitC^«g#M'>-f 3 G a 
Ng, 1 6 0 2 G a Ng®, 1 6 0 2 A NHSffi, 
1 602 a *tt»»S-£<DGaNg, 1 6 0 2 b 
^^TlRlt^^SaftW'rS GaNg, 1602c 

Wftlll-SOGaNt, 1 7 02 G a NStSs 
1 7 0 2 A N^Sffiffi, 1 8 0 2 G a Ngffi. 18 0 
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2 A N®ffim. 19 0 2 G a NSflu 1 9 0 2 A 
NfciBffi, 1 9 02 a S i iSK-^G a N®, 190 
2 b Si K-T'G a NJB S 1 9 0 2 c S i A V-f 
G a NIK 1 9 0 2 d Si F-7G a Ng, 19 0 2 
e SiiSK-yGaN®, 2 00 2 G a Nlfc 2 
00 2 A N*§4gS, 2002a, 2002 b, 200 
2 c, 2002 d, 2002e ^#l%i§Jg-£fl!) G a 
Ng, 2 1 0 2 G a NSftu 2 1 0 2 A N^SS®, 
2102a, 2102b. 2102c. 2102d, 2 
102e ^^iiSM^^G aNg, 2 2 0 2 Ga 
NSflu 2 2 0 2 A Ni£S4gffi, 2 2 0 2 a ^feilfi 
-SOGaNf, 2 2 0 2 b ^i&G$JiIS K~:/G a N 
2 2 0 2 c WMfi-SOG a Ng, 2 2 0 2 
d TOSft K-^G a Ng, 2 2 0 2 e ^JMMIfi— 
lOGaNE 23 0 1 fflgflu 2 3 02 M-y77 
g, 2 303 GaNlfc 2 303 a Ga^R 
2 3 0 3b N*S«®, 2 3 0 4 Gagf^ 2 3 0 5 
Nil?, 2 4 0 1 pSfffiu 2402 GaNl * 
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♦ flu 2 4 0 2 A ±ffi, 2 4 03 plGaNI, 2 4 
0 4 p^A 1 o.i G a 0.9 N^77h*I, 2 4 0 5 p 
SGa Nft#V Kg, 2 4 0 6 £fi»7#p<Dfi!ft 
g. 2 4 0 7 nlAl.., G a... N+t'JjyP'^ 
g. 2 4 08 nSGaN^KI, 2 40 9 nl 
Alo., Gao.9 N^77KI, 24 10 nSGaNn 
>*^hg, 24 1 OA NUigffi, 2 4 1 1 nit 
Ss 3 00 1 nSS®, 3 0 0 2 Sft^^^Sflj 
(Wfctf G a N*K) , 3 0 0 3 nSGaNI, 3 0 
10 0 4 nlAI., Ga... N*5yKg, 300 5 n 
fGaNBVKI> 3 00 6 £a»^#F©f§ft 
g. 3 00 7 pfiAlu Ga... N++'J77n7^ 
Ms 3 0 0 8 plGaNWFi, 3 00 9 pS 
Alo.. Gao.s N^^Kg, 30 10 pSGaNzi 
>2*hg. 30 11 p^ttfii, 3 0 0 2A N^S 
iB» 3 0 0 2 a M K-y G a Ng, 3 0 0 2 b ffi h* 
-/GaNI„ 
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